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POLY(ARYLENE ETHER) COMPOSITION AND METHOD OF MAKING 
BACKGROUND OF INVENTION 

[0001] The disclosure relates to poly(arylene ether) compositions. In 
particular, the disclosure relates to poly(arylene ether) compositions with increased 
thermo-oxidative stability. 

[0002] Poly(arylene ether) is a well known and widely used class of polymer 
characterized by a unique combination of chemical, physical and electrical properties 
over a broad temperature range. Many polymers, including poly(arylene ether) can 
exhibit a decrease in some properties over time in some environments and there is an 
increasing desire for extending useful polymer lifetime. 

BRIEF DESCRIPTION OF THE INVENTION 

[0003] The previously mentioned need is met by a poly(arylene ether) 
composition comprising a poly(arylene ether) having aromatic ester end groups and a 
component selected from the group consisting of impact modifier, aUcenyl aromatic 
polymer, rubber-modified poly(alkenyl aromatic) resin, reinforcing filler, flame 
retardant and combinations of two or more of the foregoing. 

[0004] In another embodiment, a method of making a poly(arylene ether) 
composition comprises blending a poly(arylene ether) having aromatic ester end 
groups and a component selected from the group consisting of impact modifier, 
alkenyl aromatic polymer, rubber-modified poly(alkenyl aromatic) resin, reinforcing 
filler, flame retardant and combinations of two or more of the foregoing. 

[0005] In another embodiment, a method of making a poly(arylene ether) 
composition comprises melt blending a poly(arylene ether) with one or more capping 
agents selected from the group consisting of salicylic acid ester, anthranilic acid ester 
and derivatives thereof and a component selected from the group consisting of impact 
modifier, alkenyl aromatic polymer, mbber-modified poly(alkenyl aromatic) resin, 
reinforcing filler, flame retardant and combinations of two or more of the foregoing. 
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DETAILED DESCRIPTION 

[0006] A poly(arylene ether) composition having excellent thermo-oxidative 
stability comprises a poly(arylene ether) having an aromatic ester end group and a 
component selected from the group consisting of impact modifiers, alkenyl aromatic 
polymers, rubber-modified poly(alkenyl aromatic) resins, reinforcing filler, flame 
retardants and combinations of two or more of the foregoing. The poly(arylene ether ) 
composition has improved thermo-oxidative stability compared to poly(arylene ether) 
compositions comprising poly(arylene ether) having hydroxyl end groups and thus has 
a longer useful lifetime at elevated temperatures. Without being bound by theory, it is 
believed that the thermo-oxidative stability of poly(arylene ether) is related to the 
identity of the polymer end groups. Poly(arylene ether) chains terminating in 
hydroxyl groups are sufficiently reactive to oxidize when exposed to temperatures in 
excess of about 100®C for extended periods of time (about 60,000 hours). Thus 
poly(arylene ether) having hydroxyl end groups has a 100"C relative thermal index 
(RTI) (as rated by Underwriters Laboratories) despite a glass transition temperature 
(Tg) of 215°C. Additionally, lower molecular weight poly(arylene ether) has poorer 
thermo-oxidative stability than higher molecular weight poly(arylene ether) due to the 
presence of more hydroxyl end groups. In contrast poly(arylene ether ) capped with a 
less reactive moiety such as an aromatic ester has better thermo-oxidative stability 
than hydroxyl terminated poly(arylene ether) because the end groups are less reactive 
and more resistant to oxidation. 

[0007] The term poly(arylene ether) includes polyphenylene ether (PPE) and 
poly(arylene ether) copolymers; graft copolymers; poly(arylene ether) ether ionomers; 
and block copolymers of alkenyl aromatic compoimds, vinyl aromatic compounds, 
and poly(arylene ether), and the like; and combinations comprising at least one of the 
foregoing; and the like. Poly(arylene ether)s per se, are known polymers comprising a 
plurality of structural imits of the formula (I): 
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O — 

(I) 

wherein for each structural unit, each Q* is independently hydrogen, halogen, primary 
or secondary lower aUcyl (e.g., alkyl containing up to 7 carbon atoms), phenyl, 
haloalkyl, aminoalkyl, hydrocarbonoxy, halohydrocarbonoxy wherein at least two 
carbon atoms separate the halogen and oxygen atoms, or the like; and each is 
independently hydrogen, halogen, primary or secondary lower aUcyl, phenyl, haloalkyl, 
hydrocarbonoxy, halohydrocarbonoxy wherein at least two carbon atoms separate the 
halogen and oxygen atoms, or the like. Preferably, each Q* is alkyl or phenyl, 
especially C1.4 alkyl, and each is hydrogen. 

[0008] Both homopolymer and copolymer poly(arylene ether) are included. 
The preferred homopolymers are those containing 2,6-dimethylphenylene ether units. 
Suitable copolymers include random copolymers containing, for example, such units 
in combination with 2,3,6-trimethyl- 1,4-phenylene ether units or copolymers derived 
from copolymerization of 2,6-dimethylphenol with 2,3,6-trimethylphenol. Also 
included are poly(arylene ether) containing moieties prepared by grafting vinyl 
monomers or polymers such as polystyrenes, as well as coupled poly(arylene ether) in 
which coupling agents such as low molecular weight polycarbonates, quinones, 
heterocycles and formals imdergo reaction in known maimer with the hydroxy groups 
of two poly(arylene ether) chains to produce a higher molecular weight polymer. 
Poly(arylene ether)s further include combinations comprising at least one of the 
above. 




[0009] The poly(arylene ether) are typically prepared by the oxidative 
coupling of at least one monohydroxyaromatic compound such as 2,6-xylenol or 
2,3,6-trimethylphenol. Catalyst systems are generally employed for such coupling 
and they typically contain at least one heavy metal compound such as a copper, 
manganese or cobalt compound, usually in combination with various other materials. 
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[0010] In one embodiment, the monohydroxyaromatic compound is 2,6- 
dimethylphenol having a purity of greater than about 99 weight percent, preferably 
greater than about 99.67 weight percent, and more preferably greater than about 99.83 
weight percent. Additionally, the 2,6-dimethylphenol preferably comprises less than 
about 0.004 weight percent phenol and more preferably less than about 0.003 weight 
percent phenol. It is preferred that the 2,6-dimethylphenol comprises less than about 
0.12 weight percent cresol and preferably less than about 0.087 weight percent cresol. 
Cresol includes, for example, o-cresol, m-cresol, p-cresol, and combinations 
comprising at least one of the foregoing cresols. The 2,6-dimethylphenol may 
comprise less than about 0.107 weight percent other mono, di and/or trialkylphenols 
and preferably less than about 0.084 weight percent. Other mono, di and/or 
trialkylphenols may include, for example, 2,3,6-trimethylphenol, 2,6- 
ethylmethylphenol, 2-ethylphenol, 2,4,6-trimethylphenol, and combinations 
comprising at least one of the foregoing other mono-, di- and/or trialkylphenols. 
Finally, the 2,6-dimethylphenol preferably comprises less than about 0.072 weight 
percent of another dimethylphenol besides 2,6-dimethylphenol, more preferably less 
than about 0.055 weight percent of another dimethylphenol. The other dimethylphenol 
may be 2,4-dimethylphenol, 2,3-dimethylphenol, 2,5-dimethylphenol, 3,5- 
dimethylphenol, 3,4-dimethylphenol, or a combination comprising at least one of the 
foregoing dimethylphenols. It is believe that minimizing the amounts of phenol, 
cresol, other dimethylphenols, and mono-, di-, and/or trialkylphenols in the 2,6- 
dimethylphenol monomer will help to reduce xmdesired branching or chain stopping 
reactions and to maintain the integrity of the resulting poly(arylene ether) physical 
properties. 

[0011] The poly(arylene ether) may be capped in solution or in melt. Solution 
capping methods are described in U:S. Patent Nos. 3,375,228 and 4,048,143 and 
generally involved dissolving the poly(arylene ether) in a solvent, reacting the 
dissolved poly(arylene ether) with a capping agent to form a capped poly(arylene 
ether) and removing the solvent. Solution methods can result in the production of 
additional hydroxyl end groups however due to polymer backbone rearrangement. 
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[0012] Melt capping methods are described in U.S. Patent No. 4,760,118. 
The poly(arylene ether) is reacted in melt with an aromatic ester or combination of 
aromatic esters. The reaction results in the conversion of the poly(arylene ether) 
terminal hydroxyl groups to aromatic ester. Aromatic ester is herein defined as 
including substituted and imsubstituted aromatic esters, wherein the substituents on 
the substituted aromatic esters do not affect the capping reaction and are thermo- 
oxidatively stable. Preferred capping agents include salicylic acid, anthranilic acid, 
and derivatives thereof such as esters in monomeric or polymeric form. As used 
herein, the term “ester of salicylic acid” include compounds in which the carboxy 
group, the hydroxy group or both have been esterified. 

[0013] For the most part, it is desirable for all hydoxyl end groups on the 
poly(arylene ether) to be capped. However, it is possible to employ poly(arylene 
ether) in which a portion of the hydroxyl end groups remain uncapped. The amount 
of uncapped hydroxyl end groups is less than or equal to about 20 mol%, preferably 
less than or equal to about 10 mol% and more preferably less than or equal to about 2 
mol%, based on the total number of moles of endgroups. 

[0014] The poly(arylene ether) generally has a number average molecular 
weight of about 2,500-40,000 atomic mass units (amu) and a weight average 
molecular weight of about 20,000-80,000 amu, as determined by gel permeation 
chromatography. The poly(arylene ether) may have an intrinsic viscosity of about 
0.10 to about 0.60 deciliters per gram (dl/g), preferably about 0.29 to about 0.48 
dl/g, as measured in chloroform at 25°C. It is also possible to utilize a high 
intrinsic viscosity poly(arylene ether) and a low intrinsic viscosity poly(arylene 
ether) in combination. Determining an exact ratio, when two intrinsic viscosities 
are used, will depend somewhat on the exact intrinsic viscosities of the 
poly(arylene ether) used and the ultimate physical properties that are desired. 

[0015] The composition may comprise poly(arylene ether) in an amount of 
about 5 to about 95 weight percent. Within this range, the composition may 
comprise greater than or equal to about 10 and preferably greater than or equal to 
about 15 weight percent poly(arylene ether). Also within this range the 
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composition may comprise less than or equal to about 90 and preferably less than 
or equal to about 85, and most preferably less than or equal to about 80 weight 
percent poly(arylene ether), based on the total weight of the composition. 

[0016] Impact modifiers include block copolymers, for example, A-B 
diblock copolymers and A-B-A triblock copolymers having of one or two alkenyl 
aromatic blocks A, which are typically styrene blocks, and a rubber block, B, 
which is typically an isoprene or butadiene block. The butadiene block preferably 
is partially hydrogenated. Mixtures of these diblock and triblock copolymers may 
be especially useful. 

[0017] Suitable A-B and A-B-A copolymers include but are not limited to 
polystyrene-polybutadiene, polystyrene-poly(ethylene-propylene), polystyrene- 
polyisoprene, poly(a-methylstyrene)-polybutadiene, polystyrene-polybutadiene- 
polystyrene (SBS), polystyrene-poly(ethylene-propylene)-polystyrene (SEBS), 
polystyrene-polyisoprene-polystyrene and poly(alpha-methylstyrene)- 

polybutadiene-poly(alpha-methylstyrene), as well as the selectively hydrogenated 
versions thereof, and the like. Mixtures of the aforementioned block copolymers 
are also useful. Such A-B and A-B-A block copolymers are available 
commercially fi'om a number of sources, including Phillips Petroleum under the 
trademark SOLPRENE, Shell Chemical Co., under the trademark KRATON, 
Dexco under the trademark VECTOR, and Kuraray under the trademark SEPTON. 

[0018] When using fully unsaturated copolymers such as SBS it is preferable 
to employ a sufficient amount of an anti-oxidant to prevent substantial amounts of 
oxidation of the imsaturated bonds. Alternatively, partially or fully hydrogenated 
impact modifiers may be used such as SEBS. Copolymers of ethylene and C 3 -C 10 
monoolefins and non-conjugated dienes, herein referred to as EPDM copolymers, are 
also suitable. Examples of suitable C 3 -C 10 monoolefins for EPDM copolymers include 
propylene, 1-butene, 2-butene, 1-pentene, 2-pentene, 1 -hexene, 2-hexene and 3- 
hexene. Suitable dienes include 1,4 hexadiene and monocylic and polycyclic dienes. 
Mole ratios of ethylene to other C 3 -C 10 monoolefin monomers can range fi'om 95:5 to 
5:95 with diene vmits being present in the amount of fi'om 0.1 to 10 mol%. EPDM 
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copolymers can be functionalized with an acyl group or electrophilic group for 
grafting onto the poly(arylene ether) as disclosed in U.S. Patent No. 5,258,455. 

[0019] A useful amount of impact modifier is up to about 20 weight 
percent (wt%), with about 4 wt% to about 1 5 wt% preferred, and about 8 wt% to 
about 12 wt% especially preferred, wherein the weight percentages are based on 
the entire weight of the composition. 

[0020] Alkenyl aromatic polymers as used herein are homopolymers of an 
alkenyl aromatic monomer, wherein the alkenyl aromatic monomer has the 
formula 




wherein R* is hydrogen, lower alkyl or halogen; Z' is vinyl, halogen or lower alkyl; 
and p is from 0 to 5. Preferred alkenyl aromatic monomers include styrene, 
chlorostyrene, and vinyltoluene. A particularly preferred homopolymer of an alkenyl 
aromatic monomer is the homopolymer derived from styrene (i.e., homopolystyrene). 
The homopolystyrene preferably comprises at least 99% of its weight, more preferably 
100% of its weight, fi'om styrene. 

[0021] Highly preferred homopolystyrenes include atactic and syndiotactic 
homopolystyrenes. Suitable atactic homopolystyrenes are commercially available as, 
for example, EB3300 fi-om Chevron, and PI 800 from BASF. Suitable syndiotactic 
homopolystyrenes are commercially available from Dow Chemical Company and 
Idemitsu Kosan Company, Ltd. 

[0022] The composition may comprise the alkenyl aromatic polymer in an 
amount of about 1 to about 80 weight percent, preferably about 20 to about 70 weight 
percent, based on the total weight of the composition. 
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[0023] A rubber-modified poly(alkenyl aromatic) resin comprises a polymer 
derived from at least one of the alkenyl aromatic monomers described above, and 
further comprises a rubber modifier in the form of a blend and/or a graft. The rubber 
modifier may be a polymerization product of at least one C 4 -C 10 non aromatic dyne 
monomer, such as butadiene or isoprene. The rubber-modified poly(alkenyl aromatic) 
resin comprises about 98 to about 70 weight percent of the poly(alkenyl aromatic) 
resin and about 2 to about 30 weight percent of the rubber modifier, preferably about 
88 to about 94 weight percent of the poly(alkenyl aromatic) resin and about 6 to about 
12 weight percent of the rubber modifier. 

[0024] Highly preferred rubber-modified poly(alkenyl aromatic) resins include 
the styrene-butadiene copolymers containing about 88 to about 94 weight percent 
styrene and about 6 to about 12 weight percent butadiene. These styrene-butadiene 
copolymers, also known as high-impact polystyrenes, are commercially available as, 
for example, GEH 1897 fi*om General Electric Company, and BA 5350 from Chevron 
Chemical Company. 

[0025] The composition may comprise the rubber-modified poly(alkenyl 
aromatic) resin in an amount of about 1 to about 80 weight percent, preferably about 
20 to about 70 weight percent, based on the total weight of the composition. When 
employing a rubber-modified poly(alkenyl aromatic) resin a sufficient amount of anti- 
oxidant should also be employed to prevent oxidation of the rubber modifier. 

[0026] Glass fibers can be formed from any type of fiberizable glass 
composition known to those skilled in the art, and include those prepared from 
fiberizable glass compositions commonly known as "E-glass," "A-glass," "C-glass," 
"D-glass," "R-glass," "S-glass," as well as E-glass derivatives that are fluorine-ffee 
and/or boron-free. Such compositions and methods of making glass filaments 
therefi’om are well known to those skilled in the art and a more detailed description is 
not necessary. 

[0027] Commercially produced glass fibers generally have nominal filament 
diameters of about 4.0 to about 35.0 micrometers, and most commonly produced E- 
glass fibers have a nominal filament diameter of about 9.0 to about 30.0 micrometers. 
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The glass fibers may be sized or unsized. Sized glass fibers are conventionally coated 
on at least a portion of their surfaces with a sizing composition selected for 
compatibility with the polymeric thermoplastic matrix material. The sizing 
composition facilitates wet-out and wet-through of the matrix material upon the fiber 
strands and assists attaining desired physical properties in the composite. There is no 
particular limitation on the length of the fibers although preferred fibers are less about 
6 millimeters (mm) in length. 

[0028] The composition may comprise glass fibers in an amount of about 1 to 
about 60 weight percent. Within this range, the composition may comprise greater 
than or equal to about 5 and preferably greater than or equal to about 10 weight 
percent glass fiber. Also within this range the composition may comprise less than or 
equal to about 50 and preferably less than or equal to about 40, and most preferably 
less than or equal to about 30 weight percent glass fiber, based on the total weight of 
the composition. 

[0029] Flame retardants include organic phosphates; zinc borate in 
combination with magnesium hydroxide; boron phosphate in combination with amine 
functionalized silicone fluids, and low melting point glasses having melting points of 
about 300"C to about 650®C. The organic phosphate is preferably an aromatic 
phosphate compoimd of the formula 

RO— OR 

where R is the same or different and is alkyl, cycloaUcyl, aryl, alkyl substituted aryl, 
halogen substituted aryl, aryl substituted alkyl, halogen, or a combination of any of the 
foregoing, provided at least one R is aryl. 

[0030] Examples include phenyl bisdodecyl phosphate, phenylbisneopentyl 
phosphate, phenyl-bis (3,5,5'-tri-methyl-hexyl phosphate), ethyldiphenyl phosphate, 
2-ethyl-hexyldi(p-tolyl) phosphate, bis-(2-ethyUiexyl) p-tolylphosphate, tritolyl 
phosphate, bis-(2-ethylhexyl) phenyl phosphate, tri-(nonylphenyl) phosphate, di 
(dodecyl) p-tolyl phosphate, tricresyl phosphate, triphenyl phosphate, dibutylphenyl 
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phosphate, 2-chloroethyldiphenyl phosphate, p-tolyl bis(2,5,5'-trimethylhexyl) 
phosphate, 2-ethylhexyldiphenyl phosphate, and the like. The preferred phosphates are 
those in which each R is aryl. Especially preferred is triphenyl phosphate, which may 
be either imsubstituted or substituted, for example, isopropylated triphenyl phosphate. 



[0031] Alternatively, the organic phosphate can be a di- or polyfunctional 
compound or polymer having the formula (X), (XI), or (XII) below: 





(xn) 




|-OR^ 

h 



including mixtures thereof, in which R®, R^ and R^ are, independently, hydrocarbon; 
R^, R'*, R^ and R’ are, independently, hydrocarbon or hydrocarbonoxy; X' , X^ and X^ 
are halogen; m and r are 0 or integers from 1 to 4, and n and h are from 1 to 30. 

[0032] Examples include the bis diphenyl phosphates of resorcinol, 
hydroquinone and bisphenol-A, respectively, or their polymeric counterparts. 

[0033] Another development is the use of certain cyclic phosphates, for 
example, diphenyl pentaerythritol diphosphate, as a flame retardant agent for 
polyphenylene ether resins, as is described by Axelrod in U.S. Pat. No. 4,254,775. 
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[0034] Also suitable as flame-retardant additives for this invention are 
compounds containing phosphorus -nitrogen bonds, such as phosphonitrilic chloride, 
phosphorus ester amides, phosphoric acid amides, phosphonic acid amides, 
phosphinic acid amides, tris(aziridinyl) phosphine oxide, or tetrakis(hydroxymethyl) 
phosphonium chloride. These flame-retardant additives are commercially available. 

[0035] Preferred phosphate flame retardants include those based upon 
resorcinol such as, for example, resorcinol tetraphenyl diphosphate, as well as those 
based upon bis-phenols such as, for example, bis-phenol A tetraphenyl diphosphate. 
Phosphates containing substituted phenyl groups are also preferred. In an especially 
preferred embodiment, the organophosphate is selected from the group consisting of 
butylated triphenyl phosphate ester, resorcinol tetraphenyl diphosphate, bis-phenol A 
tetraphenyl diphosphate, and mixtures containing at least one of the foregoing. 

[0036] The composition may comprise flame retardant in an amount of about 
2 to about 40 weight percent. Within this range, the composition may comprise 
greater than or equal to about 5 and preferably greater than or equal to about 8 weight 
percent flame retardant. Also within this range the composition may comprises less 
than about 30 and preferably less than or equal to about 20 weight percent flame 
retardant, based on the total weight of the composition. 

[0037] The composition may also include effective amoimts of at least one 
additive selected from the group consisting of anti-oxidants, drip retardants, dyes, 
pigments, colorants, stabilizers, small particle mineral such as clay, mica, and talc, 
antistatic agents, plasticizers, lubricants, and mixtures thereof These additives are 
known in the art, as are their effective levels and methods of incorporation. Effective 
amounts of the additives vary widely, but they are usually present in an amount up to 
about 50% or more by weight, based on the weight of the entire composition. 
Especially preferred additives include hindered phenols, thio compounds and amides 
derived from various fatty acids. The preferred amounts of these additives generally 
ranges up to about 2% total combined weight based on the total weight of the 
composition. 
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[0038] The components of the composition are blended imder conditions for 
the formation of an intimate blend. The components are typically blended in melt, 
preferably in an extruder, usually at a temperatme greater than or equal to about 
255°C. The composition can be made by either using poly(arylene ether) capped with 
an aromatic ester or the poly(arylene ether) may be capped while forming the 
composition. When blending already capped poly(arylene ether) with other 
component(s) the capped poly(arylene ether) and the other component(s) are blended 
under conditions for the formation of an intimate blend, typically in an extruder or 
other high shear mixing device. In some embodiments, capping agent is added to the 
high shear mixing device with the capped poly(arylene ether), particularly when the 
composition will molded to form an article. When capping the poly(arylene ether) 
while forming the composition the poly(arylene ether), capping agent and other 
component(s) are blended in melt for a time sufficient to react the capping agent with 
the poly(arylene ether), typically in an extruder or other high shear mixing device. In 
some embodiments it is preferable to add the capping agent after (downstream) adding 
the poly(arylene ether) to the high shear mixing device. In some embodiments excess 
capping agent is added, particularly when the composition will be molded to form an 
article. 



[0039] The invention is 
examples. 



further illustrated by the 



following non-limiting 
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EXAMPLES 

[0040] The following examples were made using the materials listed in Table 

1 . 



Component 


Description/Tradename/Supplier 


PPOI 


Poly(arylene ether) having an intrinsic 
viscosity of 0.46 dl/g measured in 
chloroform at 25“C 


ppon 


Poly(aiylene ether) having an intrinsic 
viscosity of 0.33 dl/g measured in 
chloroform at 25“C 


Polysalicylate 




SEES 


Styrene-(ethylene-butylene)-styrene 
available under the tradename Kraton G 
1651 from Kraton Polymers 


XPS 


Styrene homopolymer 


Irganox 1010 


Anti-oxidant 


HIPS 


Rubber-modified polystyrene 


Glass 


Glass fiber from Owens Coming 


LLDPE 


Linear low density polyethylene 


RDP 


Resorcinol diphosphate 



Examples 1-16. 

[0041] The components were blended in a twin screw extruder in the amounts 
as shown in Table 2. Amounts are expressed as parts per hundred parts of total resin 
by weight. The resulting compositions were molded into ASTM tensile specimens 
and tested for tensile strength at break according to ASTM D638. Each composition 
was tested on imaged specimens (those kept at room temperature) and on specimens 
aged at the temperatures shown in Table 2 for 500 hours. Results in mega Pascal are 
shown in Table 2. 
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[0042] As can be seen by comparing the unaged and heat aged yield strengths of 
the comparative examples to the non-comparative examples, yield strength after heat 
aging is significantly improved when poly(arylene ether) having aromatic ester end group 
is employed, with the exception of compositions containing a rubber-modified 
poly(alkenyl aromatic) resin such as Example 8. Compositions containing a poly(arylene 
ether) having aromatic ester end group and a rubber-modified poly(alkenyl aromatic) 
resin require an antioxidant to maintain yield strength with heat aging. 

[0043] While preferred embodiments have been shown and described, various 
modifications and substitutions may be made thereto without departing from the spirit 
and scope of the invention. Accordingly, it is to be understood that the present invention 
has been described by way of illustration and not limitation. All of the U.S. Patent cited 
herein are incorporated herein by reference. 
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